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ORIGINAL ARTICLE

Coronary artery anomalies detected by
MSCT-coronary angiography in the adult

G.J.R. ten Kate, A.C. Weustink, P.J. de Feyter

Background. Before coronary evaluation by modern
imaging techniques was feasible, premorbid
diagnoses of coronary artery anomalies (CAAs)
were usually made fortuitously by invasive coronary
angiography (ICA). However, this technique is
limited by its invasive and projectional nature.
Coronary magnetic resonance angiography (CMRA)
and multi-slice computed tomography (MSCT)
broadened clinical information by enabling visual-
isation of the coronary arteries in their anatomical
environment.

Methods. This case series visualises and reviews
anomalous coronary artery from the opposite sinus
(ACAOS) and coronary artery fistulae. All CAAs
were detected by means of 64-slice dual source
computed tomography after 1000 cardiac scans at
the Erasmus MC, Rotterdam, the Netherlands.
Results. Eight ACAOS cases, one anomalous left
coronary artery from the pulmonary artery
(ALCAPA) and one congenital aneurysm of an
aortic sinus were found. Seven out of ten detected
CAAs were considered malignant whereas three
CAAs of the ACAOS type (retroaortic path) were
considered benign. Significant coronary artery
disease was found in three out of eight ACAOS
cases. In one of the ACAOS cases complete
evaluation of the anomalous coronary artery was
limited by motion artifacts. All five cases of right
ACAOS were referred for MSCT because the right
coronary artery could not be located by invasive
angiography.

Conclusion. All CAAs were easy to diagnose because
of 3D imaging and high temporal and spatial
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resolution. High resolution made it possible to not
only depict coronary artery abnormalities, but also
to quantify luminal and vessel properties such as
stenosis grade, aspects of plaque, anomalous vessel
length, luminal area ratio and the asymmetry ratio.
Because of its comprehensiveness, MSCT can be
an effective imaging modality in patients suspected
of coronary artery abnormalities caused by coronary
artery disease, CAAs, or a combination of both.
(Neth Heart ] 2008;16:369-75.)
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SCT-coronary angiography (MSCT-CA) is a

minimally invasive, 3D imaging modality. It is
able to evaluate the grade of stenosis of the coronary
vessel lumen in patients suspected of coronary artery
disease.! In this way it is possible to estimate the haemo-
dynamic consequences of atherosclerosis and to guide
clinical decision-making. Furthermore, MSCT-CA
enables accurate assessment of the vessel wall and
coronary anatomy in a 3D fashion, thereby allowing
optimal relative positioning of anatomical structures.>
3D visualisation enables determination of vessel origin
and course but also helps to identify the dependant myo-
cardial territory, a basic principle of CAA classification.?

Methods

This case series visualises and reviews main coronary
artery anomalies as detected by 64-slice dual source
computed tomography (Siemens, Forchheim,
Germany) at the Erasmus MC, Rotterdam, the
Netherlands.

A total of 1000 patients, 656 male (65.6%), mean
age 63.8 (x11.8), age range 25 to 88, were evaluated
between 1 April 2006 and 25 January 2008. The
majority of scans were performed because of com-
plaints of typical chest pain. Scan data were analysed
using a dedicated workstation.

We will focus on anomalous coronary artery from
the opposite sinus (ACAOS) and coronary artery
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fistulae because of their severe clinical implications.*®
Coronary bridging was excluded from the analysis
because of its high prevalence by MSCT-CA and its
obscure clinical implications. MSCT images were
evaluated using a modified 17-segment classification
model of the American Heart Association.

Results

In this case series we focused on ACAOS and coronary
artery fistulae because of their potential clinical
implications. Eight ACAOS cases, one ALCAPA and
one congenital aneurysm ofan aortic sinus were found
(table 1). Seven out of ten detected CAAs were con-
sidered malignant whereas three CAAs of the ACAOS
type (retroaortic path) were considered benign. Signifi-
cant coronary artery disease was found in three out of
eight ACAOS cases. In one of the ACAOS cases,
calculation of both the luminal area ratio and the
asymmetry ratio of the anomalous coronary artery was
limited by motion artifacts. All five cases of right
ACAOS were referred for MSCT because the right
coronary artery could not be visualised by invasive
angiography.

Coronary artery anatomy

Current coronary evaluation by MSCT focuses on the
right coronary artery (RCA), the left main coronary
artery (LM), the left anterior descending coronary
artery (LAD) and the left circumflex coronary artery
(LCx). The RCA and LM have their ostium at the
anterior right and left sinus of Valsalva respectively
(figure 1). The LM divides into the LAD and LCx
coronary arteries. Both the RCA (from the right) and
LCx (from the left) encircle the atrioventricular groove.
The coronary system is called right or left dominant if
the RCA (85%) or the LCx (7 to 8%) crosses the cardiac

Table 1. Prevalence of main coronary findings.

Results

Coronary findings Patients % (n)
Right dominance 851 (85.1)
Left dominance 88 (8.8)
Balanced 61 (6.1)
ACAOS

RCA (interarterial) 0.05 ()
LCx (retroaortic) 0.01 (1)
LM (retroaortic) 0.02 (2)
Coronary artery fistulae

ALCAPA 0.01 (1)
Aorto-atrial fistula 0.01 (1)

ACAOS=anomalous origin of coronary artery from the opposite sinus of
Valsalva, RCA=right coronary artery, LCx=left circumflex coronary artery,

artery from the pulmonary artery.

crux and gives of the posterior descending coronary
artery (PDA). If both the RCA and LCx perfuse the
inferior interventricular septum (7 to 8%), the coronary
system is called co-dominant or balanced.? See table 1
for dominancy figures found in this study.

From its ostium, the RCA courses to the right
between the pulmonary artery (anteriorly) and the
right atrium (posteriorly). In this segment it usually
gives off both the conus branch, perfusing the right
ventricular outflow tract and the sinoatrial node artery.
The RCA continues its course downwards into the
atrioventricular groove and gives off one or more
ventricular branches and /or acute marginal branch(es).
At the end of its course, the RCA can give rise to the
posterior descending coronary artery (PDA) directed

LM=left main coronary artery, ALCAPA=anomalous origin of the left coronary

Figure 1. Volume-venderved images showing novmal covonary anatomy: A) The LAD and PDA form a half-loop (avvows) and pevfuse the
interventricular septum in this vight dominant system (supervior view). B) The RCA and LCx form two half-loops forming the atrio-
ventricular groove (avvowheads). They send out seveval branches in apical divection pevfusing the vight and left side of the heart, vespectively.
The LAD has seveval diagonal branches (D) perfusing the antevior wall of the left ventricle. Encivcling the atvioventvicular groove from
the left, we see the left civcumflex covonary avtery giving off two marginal obtuse branches (MO). C) Anteviov view of main corvonary
arteries. The LM divides into the LAD and the LCx. In this patient, the LAD gives off three diagonal byanches. The RCA gives off a lavge
vight ventvicular branch (RVB). Ao=aorta, AR=antevo-vight covonary sinus, AL=antero-left covonary sinus, PA=pulmonary artery,
LA=left atrium, RA=vight atrium, A=apex of the heart, PD A=posterior descending coronary arvtery.
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towards the apex of the heart and /or the posterolateral
artery (PL). The PL courses towards the left side of
the heart ending in one or more posterolateral ven-
tricular branches (PLV) that traverse in apical direction.

After the division of the LM (5 to 10 mm long),
the LAD runs through the anterior interventricular
groove towards the apex of the heart, giving off
diagonal branches that perfuse the anterior wall of the
left ventricle and several septal branches perforating
the interventricular septum. The LCx runs through
the atrioventricular groove on the left side of the heart
with several side branches (marginal obtuse arteries)
that perfuse the lateral wall of the left ventricle. The LCx
ends in a left posterolateral branch (LPL) and if it
travels up to the cardiac crux, it can (co)form the PDA.

Coronary artery anomalies

Classification criteria of CAAs have been intensely
discussed, but there is still no absolute consensus about
the most effective way of specifying CAAs. The anatomy
of the coronary system is highly variable and correlation
between anatomy and symptomatology is often absent
or at least difficult to prove.

Although CAAs are rare with reported prevalences
of 0.3 to 5.64% of patients undergoing invasive
coronary angiography and 0.3 to 0.5% of autopsies,
they can be responsible for cardiovascular morbidity and
even mortality.'!? Malignant anomalies may have
serious implications such as angina pectoris, myocardial
infarction, syncope, cardiac arrhythmias, congestive
heart failure, or sudden death.”® Especially in the
young, coronary anomalies are an important cause of
sport-related sudden cardiac death. Coronary anomalies
rank second as a cardiovascular cause of sudden death

in the young behind hypertrophic cardiomyopathy.'*
Because of the potential implications of coronary artery
anomalies, they require accurate recognition, ob-
servation, medical treatment, stent placement and at
times, surgical correction.

Anomalous origin of coronary artery from the
opposite sinus of Valsalva (ACAOS)

ACAOS is a major subgroup of CAAs that can be life
threatening.*® There are four types of ACAOS: the
LM (figure 2), LCx (figure 3) or LAD originates from
the right sinus of Valsalva, or the RCA (figures 4 and
5) originates from the left sinus of Valsalva. Because
at least one coronary ostium in ACAOS is connected
to the opposite sinus of Valsalva, this CAA always
implicates an abnormal course, redirecting the coronary
artery to its dependant myocardium.

The anomalous coronary artery can cross the aorta
by four routes: retroaortic, interarterial, subpulmonary
(beneath the right ventricular outflow tract) or pre-
pulmonary. Because incidence figures are relatively low
compared with the study populations used for research,
global incidence figures vary considerably. Angelini
found a global incidence of 0.92% for anomalous
origination of the RCA from the left sinus of Valsalva
(right ACAOS) and 0.15% for anomalous origination
of the left coronary artery from the right sinus of
Valsalva (left ACAOS).?

ACAOS can result in sudden cardiac death but
symptoms can also be milder, such as palpitations,
syncope, angina pectoris or dyspnoea.'® These symptoms
are often the reason for coronary imaging. Haemo-
dynamic significance and resulting symptomatology
in ACAOS is directly related to the anomalous path of

Figure 2. Left ACAOS (vetroaortic course): A) Maximum intensity projection (MIP) of 4 mm thick slice. This image shows the LM
oviginating from the vight covonavy sinus. The LM courses between the aovta and vight atrium (davk surface) and between the aovta and
left atvium (highlighted suvface) towards its dependent myocardial tevvitory. Note the bifuvcation of the LM into the LCx and LAD covonary
arvteries (black avrowhead) and also the small conus branch with its sepavate ostium at the vight sinus of Valsalva with a prevalence of about
50% (white avvowhead). B/C) Volume-vendeved 3D images showing the contvast containing blood pool of the aorta, the covonary artevies
and the left atrinm. Only anatomy within the highest attenuation factor vange is visualised. Both the RCA and LM oviginate from the
vight sinus of Valsalva (anterior and postevolateral views). The LM curves backwards and follows a vetroaortic couvse. C) Imaye of the vetronortic
course of the LM and its division in both the LAD and LCx covonary avtevies. The upper pavt of the left atvium is made transparvent.
RA=vight atvium, LA=left atrium, PA=pulmonary avtery, LV=Ieft ventricle, AR=anterior vight covonary sinus, A L=anterior left coronary
sinus, P=posterior covonary sinus, LCx=left civcumflex covonary artery.
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Figuve 3. ACAOS of LCx (vetroaovtic couvse). The LCx has its ostinm at the vight covonary avtery just after its ovigin at the antevior vight
covonary sinus: A) Maximum intensity projection (MIP) showing the anomalous course of the LCx between the aovta and the right and left
atrin. Note the calcified plaques in the LCx and the LM (arvowheads). Axial views of the LCX vevealed significant stenosis (>50%) in this
recently symptomatic patient. B) Volume-vendeved image of coronary anatomy. The position of the PA was added for clavity. Note the LCx
crossing the great cavdiac vein (arvrowheads). C) Invasive covonary angiography of the same patient. Note the stenosis in the LCx (arrowhead)
at the location of the calcified lesion (figure A).

the vessel. Especially the interarterial course has a severe
prognosis and is therefore referred to as malignant.
However, the exact pathophysiological mechanism
remains elusive.’*! Traditionally, symptomatology was
thought to be caused by the rising pressure within both
the aorta and pulmonary artery during exercise, thereby
compressing the anomalous coronary artery by a scissor-
like mechanism. Recently, the theory of intussusception
was added by Angelini and co-workers claiming that
most interarterial coronary arteries are not in between
the aorta and pulmonary artery at the point where the
aorta and pulmonary artery are in closest proximity
but are in fact incorporated in the aortic vessel wall.*
Angelini defines three possible mechanisms of stenosis.
First, hypoplasia of the intussuscepted part of the vessel
can cause coronary artery stenosis. Distally to the
hypoplastic part of the vessel, luminal circumference
increases. Obviously the intussuscepted part of the

-

RGA

vessel cannot develop normally. A second mechanism
is based on the ovoid shape of the intussuscepted
coronary artery making it more susceptible to lateral
forces thereby decreasing total luminal area during
systole. The intussuscepted part of the vessel could,
therefore, become haemodynamically significant during
exercise if not at rest. A third mechanism correlates the
stenosed length of the vessel to haemodynamic
consequences. Because of'its improved temporal and
spatial resolution, MSCT technology enables us to
measure the grade of stenosis, luminal shape and length
of the anomalous path in ACAOS patients (figure 5).
Main aspects of detected ACAOS cases are summarised
in table 2.

Aortic root to right heart shunts
Three main categories of shunts involving the aortic
root can be distinguished: congenital aneurysm of an

J : /‘l ATY ( *

Figure 4. Right ARCAOS (intevartevial course): A) Maximum intensity projection (MIP), supeviov view. The vight corvonary artery
oviginates at the left sinus of Valsalva and courses between the aovta and the pulmonary artery. Note the significant calcified plaque
(arvowhead). B) Volume-vendeved image showing the anomalous path of the RCA (between avvowheads). C) Volume-vendeved image
showing the bighly calcified plaque (white arvowhead). Note the high take-off of both the LM and R CA just above the aortic cusps. RA=right
atrium, LA=left atrium, PA=pulmonary arvtery, Ao=aorvta, AL/AR=antevior left and right aovtic cusps, LV=Ieft ventricle.
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Figure 5. Right ACAOS (interartevial course): A) Volume-vendeved image of left sinus of Valsalva (supevior view) with B and C marking
the intussuscepted and maximum vessel diameter vespectively (pictuves B and C). B) Luminal measuvements at the ostinm. 3D’ softwave
enables determination of the exact axial plane of & covonary avtery. A pixel lens’ was used to locate multiple 200 Houndsfield unit pixels
for demavcation of the vessel border. The ovoid shape of the RCA was quantified by the asymmetvy vatio as 0.33 (smallest/lavgest diagonal)
(arvowheads). C) Cross section of RCA at point C. Luminal stenosis was quantified as 0.875 (luminal avea ratio, see arrows).

aortic sinus of Valsalva with fistula, anomalous origin
of the left coronary artery from the pulmonary artery
also known as ALCAPA or Bland-White-Garland
syndrome and coronary arterial-venous fistula (CAF).
A congenital aneurysm of an aortic sinus of Valsalva is
caused by separation or lack of fusion between the
media of the aorta and the annulus fibrosis of the aortic
valve. Usually, communication exists between the aorta
and the right ventricle but the fistula can also drain
into the right atrium (figure 6).

ALCAPA, also known as the Bland-White-Garland
syndrome, is seen in one in 300,000 live births.'
Prevalence of ARCAPA or anomalous right coronary
artery arising from the pulmonary artery is estimated
to be one in 50,000 of the general population.”
Because symptoms in ARCAPA are less pronounced

as compared with ALCAPA and can even remain
unnoticed, prevalence figures are not very robust and
are based on a limited number of case reports.?
ARCAPA is generally not considered to be a lethal
defect in infancy or childhood and often presents later
in life.

ALCAPA (figure 7) is often noticed in early infancy
or childhood by failure to thrive, irritability, pallor,
cardiomegaly on chest radiography and ECG ab-
normalities suggestive of myocardial injury. If left
untreated, approximately 90% of infants die before
they are 12 months old and only a few survive into
adulthood.?* After the second month oflife, the vascular
resistance of the pulmonary bed starts to decrease and
therefore the pressure in the pulmonary artery drops.
This causes decreased perfusing pressure of the

Table 2. Main aspects of detected ACAOS.

ACAOS type (n=8) Right (1) Right (2) Right (3) Right (4) Right (5) LCx (6) Left (7) Left (8)

Anomalous path IA 1A 1A IA IA Retroaortic Retroaortic Retroaortic

Ostium above coronary cusp Yes No No Yes Yes No No No

Prox. ovoid shape (yes/no) Yes Yes Yes Yes Yes No No No

Luminal area ratio 1 0.5 0.875 CTO after 1 1 1 NM
1.8cm

Asymmetry ratio 0.69 0.39 0.33 0.21 0.62 1 1 NM

Max. vessel diameter after (cm) 1.39 1.58 2.15 CTO after NA NA NA NA
1.8cm

Non-decisive CAG Yes Yes Yes Yes Yes No No No

Significant CAD (yes/no) Yes No No Yes No Yes No No

Treatment Meds CABG/ Meds PCI(LCx)/ CABG/ Meds None Meds

meds meds meds

Age (years) 66 47 43 58 49 73 61 68

The luminal area ratio is defined as the ratio of the area of the vessel at its ostium with respect to the area of the vessel after its anomalous path (maximum vessel

diameter). This ratio measures the grade of stenosis caused by the anomalous path of the coronary artery. The asymmetry ratio is defined as the ratio of the smallest

to the largest diameter of the ovoid vessel. It measures vulnerability for lateral compression of the vessel. The luminal area ratio and asymmetry ratio were not cal-

culated for different cardiac phases. Definitions amended from Angelini et al.>¢ CAD=coronary artery disease, |A=interarterial, NA=not applicable, NM=non measurable

because of motion artifacts, PCl=percutaneous coronary intervention, CABG=coronary artery bypass graft, CTO=chronic total obstruction, LCx=left circumflex.
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Figuve 6. Aorto-atvial fistula (longitudinal and
atrioventvicular planes): A) Image of fistula between
the aorta (supravalvular) and the vight atrium.
Calcification of the aorvtic valve is visible (black
arrowhead). Note the tricuspid valve (black arvow).
B) Image of atrioventricular plane (course of the
RCA). Note the jet into the right atvium (avvowhead)
showing a left to vight shunt. RV=right ventricle,
ARs=antevior right sinus of Valsalva. Note the sinus

anomalous LAD and diminished coronary flow to the
dependant myocardium. Only if there is a substantial
collateral flow can both the perfusing pressure and
blood oxygenation suffice and ALCAPA remain
unnoticed until adulthood or even later. Adults can
be asymptomatic or more commonly have diverse
symptoms such as syncope, angina pectoris, dyspnoea
or sudden cardiac death.?>**

Because of the substantial radiation exposure and
the use of potentially nephrotoxic contrast agents,
MSCT is usually avoided in infants. Clinical history,
plain chest radiography, electrocardiography, MRI and
echocardiography are important for diagnosis. At older
age, the risk of any adverse event caused by radiation
diminishes and the risk /benefit ratio is shifted.?* 3D
capabilities of MSCT facilitate an accurate description
of coronary artery anatomy including collateral flow,
even in the hands of operators not specifically trained
in diagnosing CAAs.* This may facilitate the diagnosis
of ALCAPA, especially if symptoms are less pro-
nounced and /or variable, as in adults.

covonavius (arvow).

Discussion

We found a prevalence of 1% for ACAOS or coronary
artery fistulac. The majority of detected CAAs (80%)
were of the ACAOS type with a prevalence of 0.8%.
Angelini and co-workers found a prevalence of 1.07%
by invasive coronary angiography.”® Recently
Cademartiri and colleagues reported a prevalence for
ACAOS of 1.5% as detected by MSCT-CA in a series
of 543 patients.® According to the authors, the
number of detected CAAs in this study was positively
influenced by selection bias. More than 10% of their
study population were referred for MSCT-CA after
suspicion of a CAA by means of invasive coronary
angiography. Because baseline characteristics differ
between studies and the general population, general-
isations should be taken with caution.

In addition to MSCT-CA, echocardiography and
MRI form alternative noninvasive imaging modalities
for diagnosing CAAs. In newborns, echocardiography
supplemented with Doppler interrogation, both trans-
oesophageal and transthoracic, is used for diagnosing

Figuve 7. ALCAPA or Bland-White-Garland syndvome in a 61-year-old female. After diagnosis, the anomalous LM was ve-implanted in
the aorta: A) Longitudinal view showing the connection between the pulmonary avtery and the left main covonary avtery. Note the diffevence
in contrast intensity between the LM and the PA suggestive of vetrograde flow in the left main covonary avtery. In this patient extensive
calcifications werve visible in the RCA and left ventricle (avvowhead). B) Volume-vendered image (postevior view) showing the ostinm of
the LM at the vight pulmonary avtery. Note the large RCA with its impressive dependant myocarvdium. C) Antevior view of RCA with
multiple collaterals divected towards the left side of the heart. Note the corkscvew-like appearvance of the lavge ventricular branch (VB) of
the right coronary avtery.
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large coronary fistulac and ALPACA. Echocardiog-
raphy is highly accurate in detecting these CAAs
without the use of ionising radiation or potentially
nephrotoxic contrast agents.” Unfortunately, at older
age, when the BMI increases, transthoracic echo-
cardiography becomes progressively less accurate and
more operator dependant. Furthermore, evaluation
by echocardiography is limited to the proximal part of
the coronary arteries.?”

MRI s the gold standard for functional assessment
of the heart, it is noninvasive and uses no ionising
radiation nor any nephrotoxic contrast agent.”® Further-
more coronary magnetic resonance angiography
(CMRA) allows 3D visualisation of the main coronary
arteries in their topographic environment, thereby
circumventing an important drawback of invasive
coronary angiography.?® However, its use is more time
consuming as compared with MSCT-CA, repetitive
(for some patients strenuous) breath-holds are required
that are crucial for image quality and visualisation of
the coronary arteries is incomplete, especially for the
distal segments.?**° With the use of CMRA, the intra-
mural course and degree of compression inside the
aortic wall in case of ACAOS can only be guessed at.*®

Conclusion

The sensitivity of invasive angiography is limited by its
projectional nature. In these cases CAAs can be detected
by MSCT. All anomalies were easy to diagnose because
of 3D imaging and high temporal and spatial resolution.
High resolution has made it possible, not only to depict
coronary artery abnormalities, but also to quantify
luminal and vessel properties such as stenosis grade,
aspects of plaque, anomalous vessel length, luminal
area ratio and the asymmetry ratio.

Because of its comprehensiveness MSCT can be
an effective imaging modality in patients suspected of
coronary artery abnormalities caused by coronary artery
disease, CAAs, or a combination of both. Familiarity
with clinically significant CAAs and their appearance
on MSCT images is essential for both effective
diagnosis and patient treatment. B
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